Introduction
Hepatocellular carcinoma (HCC) is one of the most common human cancers worldwide, and the incidence of HCC has been increasing rapidly in the last decade.
1 Although significant progresses in the diagnosis and treatment of HCC have been made, HCC still remains to be the third leading cause of cancer-related deaths worldwide. 2 Thus, investigations on the molecular mechanism underlying the development and progression of HCC are urgently needed for the development of effective therapeutic strategies.
MicroRNAs (miRs) are a class of noncoding RNAs, 18-25 nucleotides in length, that have been demonstrated to negatively mediate the expression of their target genes by inducing mRNA degradation or suppressing protein translation, via directly binding to 3′ untranslated regions (3UTRs) of their target mRNAs. 3 Moreover, a variety of miRs have been demonstrated to be involved in the development and progression of HCC by negatively mediating the expression of their targets. 4 Recently, miR-503 was found to act as a tumor suppressor in several cancer types including HCC. [5] [6] [7] Zhou et al found submit your manuscript | www.dovepress.com
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Xiao et al that miR-503 induced a G1 arrest and decreased proliferation in HCC HCCLM3 cells and inhibited migration and invasion of HCCLM3 cells. 8 Besides, miR-503 was also found to inhibit the angiogenesis and growth of HCC via directly targeting FGF2 and VEGFA. 9 Insulin-like growth factor 1 receptor (IGF-1R) can bind IGF with a high affinity. Besides, IGF-1R shows tyrosine kinase activity and plays a critical role in transformation events. 10 Moreover, IGF-1R is highly expressed in most malignant tissues, where it promotes cell survival and inhibits cell apoptosis. 10 Therefore, IGF-1R has been suggested as a potential target for cancer treatment. 11, 12 Recently, specific miRs have been found to directly target IGF-1R, and thus play suppressive roles in several cancer types. MiR-323-5p inhibits glioma by directly targeting IGF-1R. 13 Moreover, miR-100, miR-122, and miR-133a have been demonstrated to function as tumor suppressors by targeting IGF-1R in HCC. [14] [15] [16] In the present study, we aimed to investigate the expression of miR-503 in HCC tissues and cell lines. We also performed in vitro study to reveal the role as well as the mechanism of action of miR-503 in HCC cell proliferation and apoptosis, involving IGF-1R. Our data showed that miR-503, downregulated in HCC tissues and cells, was associated with the malignant progression of HCC and could inhibit the proliferation while inducing the apoptosis of HCC cells, partly at least, via directly targeting IGF-1R.
Materials and methods
Tissue collection
Our study was approved by the Ethics Committee of Xiangya Hospital of Central South University, Changsha, People's Republic of China. Primary HCC tissues (n=87) and nontumorous liver tissues (n=8) were collected from Xiangya Hospital of Central South University from January 2012 to December 2012. The tumor tissue and nontumor tissue the samples are not taken from the same patient. Among the HCC patients included in the study, 37 were female and 50 were male with the age ranging from 34 to 73 years, with a mean of 51.2 years. The clinicopathologic characteristics, including tumor size, hepatitis B virus infection, node metastasis, vascular invasion, histological grade, clinical stage, and alpha fetal protein (AFP) levels, are summarized in Table 1 . All patients received neither radiation therapy nor chemotherapy before surgical resection. All subjects had confirmed pathological diagnosis and were classified according to the World Health Organization (WHO) criteria. Written informed consent was obtained from each participant. Tissues were immediately snap-frozen in liquid nitrogen after surgical removal.
real-time Pcr assay
Total RNA of tissues or cells was extracted by using Trizol reagent (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer's protocol. Reverse Transcription Kit (Thermo Fisher Scientific) was used to convert RNA into cDNA according to the manufacturer's protocol. The miR levels were determined using PrimeScript miRNA RT-PCR Kit (Takara, Dalian, People's Republic of China) on ABI 7500 thermocycler (Thermo Fisher Scientific) in accordance with the manufacturer's instructions. U6 gene was used as an internal reference. Expression of mRNA was detected by real-time reverse-transcription polymerase chain reaction (RT-PCR) using the standard SYBR-Green RT-PCR Kit (Takara) following the manufacturer's instructions. The specific primer pairs were as follows: IGF-1R, sense: 5′-AGGATATTGGGCTTTACAACCTG-3′ and antisense: 5′-GAGGTAACAGAGGTCAGCATTTT-3′; GAPDH as an internal control, sense: 5′-ACAACTTTGGTATCGTGG 
cell proliferation analysis
MTT assay was used to determine the cell proliferation. LM3 and HepG2 cells (10 4 ) were cultured in 96-well plate, and 100 μL of fresh serum-free medium with 0.5 g/L MTT (Sigma-Aldrich Co., St Louis, MO, USA) was added to each well. After incubation at 37°C for 12, 24, 48, and 72 hours, the medium was removed by aspiration and 50 μL of dimethyl sulfoxide (Sigma-Aldrich Co.) was added to each well. After incubation at 37°C for a further 10 minutes, the absorbance of each sample was measured at 570 nm using a plate reader (Tecan Infinite M200; Männedorf, Switzerland).
cell apoptosis assay
Annexin V-FITC Apoptosis Detection Kit (BD Pharmingen, San Diego, CA, USA) was used to examine the cell apoptosis. LM3 and HepG2 cells (10 6 ) were washed with cold phosphate-buffered saline (PBS) and resuspended in 200 μL of binding buffer with 10 μL of fluorescein isothiocyanate (FITC)-labeled annexin V and 5 μL of PI, and incubated in the dark for 30 minutes. Then, 300 μL binding buffer was added followed by flow cytometry assay (Accuri C6; Beckman Coulter, Brea, CA, USA).
Western blotting
LM3 and HepG2 cells were solubilized in cold radioimmunoprecipitation assay (RIPA) lysis buffer (Thermo Fisher Scientific) to extract protein, which was separated with 10% SDS-PAGE (Pierce, Rockford, IL, USA) and transferred onto a polyvinylidene difluoride (PVDF) membrane (Thermo Fisher Scientific). The PVDF membrane was incubated with mouse anti-human IGF-1R monoclonal antibody (1:100, Abcam, Cambridge, UK) or mouse anti-human GAPDH monoclonal antibody (1:100, Abcam) at 4°C overnight. After washing with PBS containing 0.6% Triton-X 100 (PBST) for 15 minutes, the PVDF membrane was incubated with the rabbit anti-mouse secondary antibody (1:1,000, Abcam) at room temperature for 1 hour. Chemiluminescent detection was conducted by using the ECL kit (Pierce). The protein expression was analyzed using Image-Pro plus software 6.0, represented as the density ratio versus GAPDH.
Bioinformatic prediction and dual luciferase reporter assay
TargetScan (www.targetscan.org) was used to predict the putative target genes of miR-503. The wild type (WT) or the mutant type (MT) of IGF-1R 3′-UTR was constructed by using PCR and Quick-Change Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA), which was then inserted into the multiple cloning site in the psiCHECK™ 2 vector (Promega Corporation, Fitchburg, WI, USA). For luciferase reporter assay, 293T cells were cultured to ~60% confluence in a 24-well plate, and cotransfected with 100 ng of psiCHECK™ 2 -IGF-1R-3′UTR or psiCHECK™ 2 -IGF-1R-MUT-3′UTR vector, plus 50 nM of miR-503 mimics or scramble miR using Lipofectamine 2000. After incubation for 5 hours, the medium was replaced with DMEM added with 10% FBS. The dual-luciferase reporter assay system (Promega Corporation) was used to determine the luciferase activity 48 hours after transfection. Renilla luciferase activity was normalized to firefly luciferase activity.
statistical analysis
Data are expressed as the mean ± standard deviation. The statistical correlation of data between groups was analyzed by one-way analysis of variance (ANOVA). The relationship submit your manuscript | www.dovepress.com
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Xiao et al between miR-503 expression and HCC clinical features was analyzed using chi-square test. Statistical analysis was performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA). P-value ,0.05 indicated significant differences.
Results
Mir-503 is downregulated in hcc and associated with its malignant progression
To reveal the role of miR-503 in HCC, we first examined the expression of miR-503 in HCC tissues as well as in nontumorous liver tissues. As indicated in Figure 1A , the miR-503 levels were significantly decreased in HCC tissues compared to nontumorous liver tissues. Furthermore, our data showed that lower levels of miR-503 were tightly associated with the malignant progression of HCC, including the histological grade, nodal metastasis, vascular invasion, and clinical stage (Table 2) . Besides, no association was found between the miR-503 expression and clinicopathologic characteristics of HCC including age, sex, tumor size and number, HBV infection, and AFP levels ( Table 2) . Moreover, the expression levels of miR-503 were also decreased in HCC cell lines (SMCC7721, MHCC97H, LM3, HepG2, and Hep3B) compared to normal liver THLE-3 cells ( Figure 1B) . As LM3 and HepG2 cells showed the most significant decrease in miR-503 expression, we used them in the following experiments ( Figure 1B ).
Mir-503 suppresses the proliferation while inducing the apoptosis of hcc cells
To further study the role of miR-503 in HCC, we investigated the effect of miR-503 on HCC cell proliferation and apoptosis. LM3 and HepG2 cells were transfected with miR-503 mimics to restore its expression levels. Real-time RT-PCR data showed that transfection with miR-503 mimics significantly enhanced the miR-503 levels in LM3 and HepG2 cells, when compared to the control group (Figure 2A) . MTT assay was further conducted to examine the cell proliferation in each group. As shown in Figure 2B , overexpression of miR-503 significantly suppressed the proliferation of LM3 and HepG2 cells, suggesting that miR-503 plays an inhibitory role in HCC cell proliferation. Next, we examined the effect of miR-503 on HCC cell apoptosis. Flow cytometry data indicated that overexpression of miR-503 led to an upregulation of apoptosis in LM3 and HepG2 cells, when compared to the control group ( Figure 2C) . Accordingly, we demonstrated that miR-503 inhibits HCC cell proliferation and induces cell apoptosis.
igF-1r is a direct target gene of mir-503 in hcc cells
Bioinformatical analysis was further conducted to predict the putative target genes of miR-503. TargetScan software predicated that IGF-1R was a direct target gene of miR-503, and this targeting relationship was evolutionally conserved ( Figure 3A and B) . To confirm their targeting relationship, we generated the luciferase vectors containing WT or MUT of IGF-1R 3′-UTR ( Figure 3C and D) . Luciferase reporter assay was further conducted in 293T cells. As indicated in Figure 3E , the luciferase activity was significantly decreased in 293T cells cotransfected with the WT IGF-1R vector and miR-503 mimics, when compared to the control group. However, the luciferase activity was unaltered in 293T cells cotransfected with the MUT IGF-1R vector and miR-503 Figure 3E) . Accordingly, our data indicated that miR-503 can directly bind to the 3′UTR of IGF-1R.
Further, we investigated the effect of miR-503 on the protein expression of IGF-1R in HCC cells. LM3 and HepG2 cells were transfected with miR-503 mimics and miR-503 inhibitor, respectively. Our data demonstrated that transfection with miR-503 mimics enhanced the miR-503 levels, while transfection with miR-503 inhibitor resulted in a decrease in the miR-503 levels in HCC cells ( Figure 3F ). We then conducted Western blot to examine the protein levels of IGF-1R in each group. As demonstrated in Figure 3G , overexpression of miR-503 resulted in decreased protein levels of IGF-1R, while knockdown of miR-503 enhanced the protein expression of IGF-1R in HCC cells. Based on the aforementioned data, we demonstrated that miR-503 negatively mediates the protein expression of IGF-1R via directly binding to its 3′UTR in HCC cells.
Overexpression of igF-1r reversed mir-503-mediated proliferation and apoptosis of hcc cells
As IGF-1R was confirmed to be a direct target of miR-503, and it has been implicated in the development of HCC, we then studied whether it was involved in miR-503-induced HCC cell proliferation and apoptosis. MiR-503-overexpressing HCC cells were further transfected with IGF-1R plasmid to restore its expression. After transfection, Western blot was conducted to examine the protein levels of IGF-1R. As indicated in Figure 4A , the protein expression of IGF-1R was significantly higher in the miR-503+IGF-1R group, when compared to the miR-503 group. After that, MTT assay was performed to determine the cell proliferation. Our data showed that the proliferating capacities of LM3 and HepG2 cells were significantly higher in the miR-503+IGF-1R group compared to the miR-503 group ( Figure 4B ), indicating that restoration of IGF-1R rescued the suppressive effects of miR-503 overexpression on HCC cell proliferation. Then, we examined the cell apoptotic levels in each group, and found that the apoptosis of HCC cells was lower in the miR-503+IGF-1R group compared to the miR-503 group (Figure 4C ), indicating that overexpression of IGF-1R rescued miR-503-induced HCC cell apoptosis. Based on these aforementioned data, we suggest that IGF-1R is involved in the miR-503-mediated proliferation and apoptosis of HCC cells.
igF-1r is highly upregulated in hcc and inversely correlated to the mir-503 levels
To further confirm their relationship in HCC tissues, we examined the mRNA levels of IGF-1R in HCC tissues and nontumorous liver tissues. Real-time RT-PCR data indicated that the mRNA levels of IGF-1R were significantly increased in HCC tissues compared to nontumorous liver tissues ( Figure 5A ). Furthermore, we found that the mRNA levels of IGF-1R were inversely correlated with the miR-503 levels in HCC tissues ( Figure 5B ). Accordingly, we suggest that downregulation of miR-503 may contribute to the upregulation of IGF-1R, which promotes the survival and proliferation of HCC cells.
Discussion
In the present study, our data showed that miR-503 was significantly downregulated in HCC tissues and cell lines, 
3540
Xiao et al (E) The luciferase activity was significantly decreased in 293T cells cotransfected with the WT IGF-1R vector and miR-503 mimic, but unaltered in 293T cells cotransfected with the MUT igF-1r vector and mir-503 mimics, compared to the control group. control, 293T cells transfected with only WT igF-1r or MUT igF-1r vectors; nc, 293T cells cotransfected with WT igF-1r or MUT igF-1r vector and scramble mir. (F) real-time rT-Pcr was performed to determine the mir-503 levels in lM3 and hepg2 cells transfected with mir-503 mimic and mir-503 inhibitor, and (G) the protein levels of igF-1r were then examined using Western blot assay. nontransfected cells were used as control. **P,0.01 vs control. ***P,0.001. Abbreviations: rT-Pcr, reverse-transcription polymerase chain reaction; mir, microrna; igF-1r, insulin-like growth factor 1 receptor; UTr, untranslated region; cMV, cytomegalovirus; PcT, probability of conserved targeting. and lower miR-503 levels were strongly associated with higher malignance of HCC. In vitro investigation showed that overexpression of miR-503 suppressed the proliferation and induced the apoptosis of HCC cells. IGF-1R was further identified as a direct target gene of miR-503 and acted as a downstream effecter in miR-503-mediated HCC cell proliferation and apoptosis. In addition, IGF-1R was significantly upregulated in HCC tissues and inversely correlated with the miR-503 levels.
Recently, miR-503 has been reported to generally act as a tumor suppressor in different cancer types. [17] [18] [19] [20] For instance, Guo et al found that miR-503 inhibited the proliferation and metastasis of prostate cancer cells by directly targeting RNF31. 21 Liu et al reported that decreased miR-503 levels were associated with advanced mythological features and poor prognosis in patients with non-small-cell lung cancer. 6 Long et al demonstrated that miR-503 inhibited cell proliferation of human breast cancer cells by targeting CCND1. The correlation between the mrna levels of igF-1r and mir-503 was determined in hcc tissues. Abbreviations: hcc, hepatocellular carcinoma; rT-Pcr, reverse-transcription polymerase chain reaction; mir, microrna; igF-1r, insulin-like growth factor 1 receptor.
However, it was also found to be upregulated in esophageal cancer, and high miR-503 levels were significantly associated with large tumor size and poorer prognosis. 23 Besides, it was also found to contribute to the malignant transformation of colon adenoma to adenocarcinomas via targeting the tumor suppressor FBXW7. 24 Accordingly, its exact role is tumor-specific. In the present study, we found that miR-503 was significantly downregulated in HCC tissues and cell lines, and lower miR-503 levels were associated with higher malignance of HCC. Our data are consistent with several other studies. Zhou et al also reported that the expression of miR-503 was repressed in HCC cells and primary tumors due to a potential epigenetic mechanism. 25 Xiao et al reported that low miR-503 levels were associated with enhanced malignant potential, such as histologic grade, tumor-node-metastasis stage, and AFP level, as well as worse overall survival in HCC patients. 26 Therefore, our data and those reported by others indicate that downregulation of miR-503 is involved in the development and progression of HCC.
Our data further showed that restoration of miR-503 significantly inhibited the proliferation and induced the apoptosis of HCC cells. Xiao et al also reported that miR-503 suppressed the proliferation of HCC cells, consistent with ours, and they revealed that miR-503 could induce a G1 phase arrest through targeting two cell cycle-related molecules, cyclin D3 and E2F3. 26 Besides, Zhou et al reported that overexpression of miR-503 not only inhibited the proliferation but also the metastasis of HCC in vivo. 27 They also confirmed the negative correlation between miR-503 expression and metastatic potential of HCC in cell lines and in clinical HCC tissues. 27 Furthermore, they identified ARHGEF19 as a direct target gene of miR-503, and found that ARHGEF19 rescued the suppressive effects of miR-503 on the proliferation and metastasis of HCC cells. 27 Besides, PRMT1 was also found to be a direct target gene of miR-503 in HCC. Li et al reported that miR-503 significantly inhibited the invasion, migration, and epithelial-mesenchymal transition of HCC cells via directly targeting PRMT1. 7 As one miR has various targets, other important targets of miR-503 may also exist in HCC. Bioinformatic prediction and luciferase reporter assay identified IGF-1R as a direct target gene of miR-503, and the protein levels of IGF-1R were negatively mediated by miR-503 in HCC cells. IGF-1R functions as a key oncogene in the development and maintenance of cancer. 28 It was reported that IGF-1R could signal in the absence of the ligand and kinase activity, and utilize the components of the GPCR system. 28 Moreover, IGF-1R antibodies have recently been found to serve as important agents for cancer therapy. 10 Yue et al generated a murine anti-IGF-1R antibody 4F2, and found that treatment with 4F2 decreased cell proliferation and promoted apoptosis of HCC cells. 29 In our study, we found that miR-503 repressed the protein expression of IGF-1R, and inhibited HCC cell proliferation and induced the cell apoptosis. Moreover, we found that overexpression of IGF-1R reversed the effect of miR-503 on HCC cell proliferation and apoptosis, indicating that IGF-1R is involved in miR-503-meditated proliferation and apoptosis of HCC cells. In addition, IGF-1R was found to be highly expressed in HCC tissues and inversely correlated to the miR-503 levels, which further suggests that the upregulation of IGF-1R may be due to the downregulation of miR-503 in HCC.
Conclusion
In summary, the present study demonstrates that miR-503, downregulated in HCC, can inhibit the proliferation but induce the apoptosis of HCC cells through direct inhibition of IGF-1R expression. Therefore, we suggest that miR-503 may serve as a potential therapeutic agent and IGF-1R as a therapeutic target for HCC.
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